Introduction
Defunctioning loop ileostomy is the most common means of protecting an anastomosis in the small pelvis after proctocolectomy and pelvic pouch in ulcerative colitis and after anterior resection in rectal cancer surgery [1] .
Its use has become even more frequent (www.oc.umu.se/ rekti/Rektalstatistik2007_090824.pdf) after the publication of a Swedish randomised controlled trial revealing a limitation of the consequences, though not the frequency, of anastomotic leakage [2] .
Despite frequent use, diverting ileostomy is associated with a fairly high morbidity. Prolapse, high stoma flow with secondary dehydration, stoma retraction and exanthema around the stoma are some important complications related to the stoma itself [3, 4] . Furthermore, closure of the stoma is associated with postoperative complications, many of which are defined as minor [4, 5] , but major complications such as small-bowel obstruction (SBO) and anastomotic leakage (AL) may also occur [3, 4, 6, 7] . Reoperation, prolonged hospital stay, increased cost to the community and suffering for the patient may be the consequences of such postoperative complications.
There are three commonly used techniques for closure of the stoma: hand-sewn anastomosis, with or without a short small-bowel resection, and stapled anastomosis. The aim of this study was to compare these three methods for closure of a diverting stoma regarding the development of SBO and AL within 30 days after surgery.
Materials and methods
All patients operated on for closure of diverting ileostoma, with or without a bowel resection, between October 1999 and December 2006 at three Swedish hospitals (Uppsala University Hospital (UUH), Karolinska University Hospital, Huddinge and Karlstad Central Hospital) were eligible for this study. These patients were consecutively gathered according to the ICD codes (JFG 00 and JFG 20) for surgery in the hospitals' operation register.
At the UUH, some patients underwent major surgery with peritonectomy and cytoreductive surgery due to peritoneal carcinosis or pseudomyxoma peritonei. These patients were excluded from the present study. All records were scrutinised for pre-, peri-and postoperative data which were gathered according to a study protocol.
SBO was defined as small-bowel dilatation. This was confirmed by plain abdominal x-ray, and/or abdominal computer tomography, followed by water-soluble contrast. AL was either confirmed by radiological and/or operative findings. Both SBO and AL had to arise within 30 days from surgery. All patients were given prophylactic antibiotics prior to surgery.
Hand-sewn anastomosis without a short small-bowel resection was performed by mobilizing the small intestines as much as needed for closing the stoma. The skin edges of the stoma were mobilized and excised.
In hand-sewn anastomosis with a short small-bowel resection, the small intestines were mobilized further from the abdominal wall, and the exteriorised stomal part was resected. Both types of hand-sewn anastomoses were performed with a running seromuscular suture.
For stapled anastomosis, a linear stapling instrument was used creating a side-to-side anastomosis. The technique used was due to the preference of the surgeon.
Statistical methods
All data were registered on an Access data base. Statistical analyses were made using Statistica® software (Stat soft, Tusla, USA). The possible effect of different factors on postoperative complications was evaluated using MannWhitney U test for continuous variables and the χ² test for categorical variables. A p value of 0.05 or less was considered significant. This study was approved by the regional ethics committee.
Results
Between October 1, 1999, and December 31, 2006, 365 patients were operated on for closure of a diverting ileostoma. Fourteen patients were excluded due to insufficient information available in the patient notes at evaluation. The remaining 351 patients comprised 202 men and 149 women. Records were available for all these patients who were thus included for further analyses. Of those patients, 149 had a hand-sewn anastomosis without bowel resection (HS), 70 had a hand-sewn anastomosis with bowel resection (HSR), whereas 132 had a stapled anastomosis (S). There were no differences concerning gender, American Society of Anesthesiologists (ASA) score or age (Table 1 ). The major reasons for getting a defunctioning loop ileostomy were colorectal cancer (n= 182, 52%) and inflammatory bowel disease (n=83, 23%) whereas other reasons as perforated diverticulitis and bowel obstruction constituted the remaining cases. The median hospital stay was 6 days in the HS group, 5 days in the HSR group and 4 days in the S group (p= 0.001). This difference remained even when dividing the patients into two groups, hand-sewn (HS + HSR) (H) and stapled (S) anastomoses (Table 2) .
Time between construction and closure of the stoma differed according to hospital (p<0.001) with a median of 146 days at the hospital with the shortest interval compared to 203 days at the hospital with the most prolonged interval.
The total number with SBOs was 44 (12.5%). Of these patients, 16 (36.4%) required reoperation. The remaining 28 patients, with both clinical and radiological criteria of SBO, were treated conservatively. The SBO was resolved after water-soluble contrast and was thereby considered as postoperative ileus.
The frequency of SBO in the different groups was 15.4% (23 patients) for HS, 15.7% (11 patients) for HSR and 7.6% (10 patients) for S, respectively (p>0.05). When calculated as two groups, H with 15.5% (34 patients) vs. S with 7.6% (10 patients), a significant difference appeared (p=0.029).
With a total frequency of 2.8% (10 patients), there was no difference in AL according to type of anastomosis. Although, among patients with AL, there was a significant difference in frequency of reoperation in favour of the HS group, where none required reoperation, whereas all (3 patients) in the HSR group and one in the S group were reoperated on. This difference, however, was not significant when all hand-sewn anastomoses were compared to the stapled ones (Table 2 ). There was no difference between the groups regarding number and/or type of previous abdominal surgery.
Discussion
In the present study, stapled anastomosis was associated with a lower frequency of postoperative SBO, 7.6%, compared to hand-sewn ones, 15.5% (p=0.029). Diverging results when comparing closure techniques have been published varying from no difference [7, 8] to a difference of SBO rate between 14% in a hand-sewn group and 3% in a stapled group described by Hasegawa et al. [9] .
The present numbers are comparable with those of Hasegawa et al. [9] . Furthermore, corresponding results have been produced in two prospective, non-randomised trials with 203 and 16 patients, respectively [10, 11] .
To our knowledge, there are three studies comparing all three techniques investigated in the present study [5, 12, 13] , two of which did not find any significant difference [5, 12] . However, a significant difference in SBO rate between 12% for HSR and 2.3% for HS was described in the study by Phang and colleagues [13] .
One possible explanation may be that a stapled anastomosis leads to a larger lumen. Furthermore, the exteriorised stomal part of the intestine is resected in stapled anastomoses. The stapled method also includes dissection of the bowel from the abdominal wall to a larger extent than in hand-sewn anastomoses which may decrease the number of adhesions close to the anastomosis and thereby prevent postoperative SBO.
It should be noted that most patients with HSR anastomoses, in the present study as well as in previous studies, had risk factors such as adhesions, narrow opening of the stoma and iatrogenic bowel perforation during surgery [13, 14] . The surgeon's decision to perform an HSR anastomosis, therefore, was probably the result of factors increasing the risk for SBO and AL.
Given the increasing use of diverting ileostomy (www. oc.umu.se/rekti/Rektalstatistik2007_090824.pdf), the morbidity of the closure procedure remains high. Kaidar-Person and colleagues in a recent review noted a SBO frequency of up to 15% and AL in up to 8% in some studies [4] .
Several retrospective studies analysing the closure procedure for diverting stomas have been made. These have usually comprised a small number of patients with comparisons between hand-sewn and stapled anastomoses only, regardless of bowel resection. To our knowledge, only two randomised controlled trials have been made regarding method for closure of diverting stoma [8, 9] .
In the present study, the SBO rate was 12.5%, which is somewhat higher than most previous studies. However, Mann et al. showed a postoperative SBO rate of 12% in a retrospective study of 50 patients [15] , and Feinberg et al. reported 14% in 117 patients, in a comparable study [12] .
In the largest randomised study published (n=141), the postoperative SBO rate was 8.5% [9] . The largest retrospective study, investigating 1,504 patients, revealed an overall SBO of 6.4% [7] .
In the present study, we found that hospitalisation was shorter among patients with stapled anastomoses which is in contrast to previously published studies [8, 9] . This is largely explained by the occurrence of postoperative SBO since patients with a stapled anastomosis had a lower tendency to develop postoperative SBO and thus spent fewer days in hospital. All of the three hospitals included in this study used fast-track mobilization after surgery. Anastomotic leakage rate did not differ between the groups in the present study with a total frequency of 2.8%. This is in concordance with previous results [5, 7, 9, 11, 13] .
Conclusion
In this observational cohort study, stapled anastomosis was associated with a lower frequency of postoperative SBO and a shorter hospital stay compared to sutured anastomosis (with or without a short small-bowel resection) after closure of a diverting ileostoma. However, a randomised controlled trial is necessary to further confirm this.
